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1.

INTRODUCTION

1.1

My name is Pawel Rakowski.

1.2

I hold the position of Senior Groundwater Modeller at Salt Lake Potash (SO4) in
Perth, Australia. I have been employed by SO4 since March 2019.

1.3

My previous position was a Senior Groundwater Modeller at Hawke’s Bay Regional
Council, which I held between April 2015 and February 2019.

1.4

I have a total of 15 years of working experience in groundwater modelling and
hydrogeology in various industries (including local government, consultancy, mining
and construction), and various countries including Australia, New Zealand, UK and
Poland.

1.5

I hold the qualification of Master of Science in Environmental Engineering, awarded
at Warsaw University of Technology in 2006. The subject of my Master’s thesis was
related to groundwater modelling of impacts of public water supply pumping on
stream depletion.

1.6

I am a member of the International Association of Hydrogeologists and New Zealand
Hydrological Society.

1.7

I have been undertaking part-time contract work for HBRC over the last 2 years,
advising on the Heretaunga Aquifer Groundwater Model.

1.8

I developed a groundwater model for Heretaunga Aquifer system, completed in 2018,
as documented in the following publications:
(a)

Rakowski P. and Knowling M. (2018a). “4997 Heretaunga Aquifer
Groundwater Model Development Report.” HBRC, May 2018.1

(b)

Rakowski, P. (2018b). “5018 Heretaunga Aquifer Groundwater Model
Scenarios Report.” HBRC, August 2018.2

1.9

Findings from this work have led to improved understanding of the impact of
groundwater abstraction on water bodies in the Heretaunga Plains.

1.10

This groundwater model forms the basis of many TANK policies, including the
development of allocation limits.

1
2

Available for download at https://www.hbrc.govt.nz/documents-and-forms/reports-search/details/10975.
Available for download at https://www.hbrc.govt.nz/documents-and-forms/reports-search/details/10965.
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1.11

I developed a model-based stream depletion assessment tool that can be used for
consenting purposes by HBRC, as described in Rakowski P (2018), “Heretaunga
Aquifer Stream Depletion Assessment - Zone Delineation and Stochastic Response
Function Methodology.” HBRC, May 2018.

1.12

I was involved in the TANK stakeholder working group and delivered technical
information to the group, including presentations about:

1.13

(a)

Heretaunga groundwater model development;

(b)

nitrate transport modelling;

(c)

stream depletion assessment;

(d)

assessment of impact of pumping bans on Ngaruroro River flow;

(e)

assessment of stream flow augmentation;

(f)

sustainability of aquifer abstraction; and

(g)

development of the stream depletion assessment tool.

I presented my work on the Heretaunga Aquifer Groundwater Model and Stream
Depletion tool at New Zealand Hydrological Society conferences in 2016, 2017 and
2018 and at the International Association of Hydrogeologists conference in Korea in
2018.

1.14

I developed models for Source Protection Zone (SPZ) delineation for Hastings
District Council abstractions, as documented in the Appendix to this reply evidence.

1.15

I have prepared this evidence in my capacity as an expert, and although this is not a
court hearing I acknowledge that I have read and understand the Code of Conduct
for Expert Witnesses contained in the Environment Court Practice Note dated 1
December 2014. I have complied with it when preparing my evidence, and I agree to
comply with it when I give any oral evidence. Other than where I state that I am relying
on the evidence of another person, my evidence is within my area of expertise. I have
not omitted to consider material facts known to me that might alter or detract from the
opinions that I express.
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Purpose and scope of evidence
1.16

The purpose of this reply evidence is to address matters raised in the statement of
evidence from Brett Chapman for Hastings District Council.

1.17

I provide narrative on matters raised by other witnesses only where I consider that
what they are saying may not be correct or that it should be qualified.

1.18

For the avoidance of doubt, any failure to cross reference or specifically discuss any
matter raised by other witnesses does not mean I agree with that evidence of the
other witnesses.

2.

KEY FACTS AND ASSUMPTIONS RELIED ON

2.1

In preparing my evidence, the key documents and evidence I have reviewed are:
(a)

TANK Section 32 Evaluation Report

(b)

Brett Chapman’s statement of evidence on behalf of Hastings District Council
and Napier City Council, regarding SPZs;

(c)

Annette Sweeney’s statement of evidence on behalf of Hastings District
Council and Napier City Council;

(d)

my letter report describing development of stream depletion zones for HDC
abstractions using a stochastic numerical method (Appendix);

(e)

a report detailing development of SPZs for HDC using an analytical method
WhAEM: “Source Protection Zones for Public Supply Bores Hastings Urban
Area” Tonkin & Taylor Ltd (2018);

(f)

Moreau et al. (2014) “Capture Zone Guidelines for New Zealand” GNS, April
2014;3 and

(g)

WhAEM software documentation: Kraemer et al. “Working with WhAEM,”
2018

3

Available for download at https://envirolink.govt.nz/assets/Envirolink/R6-2-Capture-zone-guidelines-for-NewZealand.pdf.
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3.

EXECUTIVE SUMMARY

3.1

Evidence from Hastings District Council has requested an SPZ delineated using a
combination of analytical and numerical modelling.

3.2

In my professional opinion, the numerical method of SPZ delineation, which has been
used for proposed Plan Change 9 (PPC9), is more appropriate to use for the
Heretaunga aquifer system than the analytical WhAEM method, due to multiple
limitations of the analytical method. The numerical method is able to produce a more
realistic shape of SPZ, because it can much better account for flow conditions in the
Heretaunga aquifer system.

3.3

The numerical method of SPZ delineation should be considered an advancement of,
rather than addition to, the analytical method. In my view, it would not be reasonable
to continue using a larger SPZ delineated with a simpler method, if an SPZ delineated
with an appropriate more advanced model is available.

3.4

In principle, simpler analytical methods produce more conservative (and typically
larger) SPZs due to higher uncertainty. The reason for using a more advanced
method is to reduce uncertainty and enable delineation of a less conservative (and
typically smaller) SPZ.

3.5

The suggested combination of SPZs from both analytical and numerical methods
goes against this principle.

3.6

Merging of analytical and numerical methods produces an unnecessarily
conservative SPZ.

4.

SELECTION OF APPROPRIATE MODELLING METHOD

4.1

In paragraph 46, Mr Chapman states: “HDC propose to retain the ‘combined’ SPZ
until further evidence is available to decide which modelling approach is accurate or
further modelling can be undertaken to address the current model limitations.”

4.2

In terms of which modelling (analytical or numerical) is more “accurate”, in my
opinion, it may never be practically possible to verify how “accurate” these methods
are. However, it can be demonstrated that numerical modelling has clear advantages
and is a preferred method for delineating Heretaunga Aquifer SPZs.

4.3

Capture Zone Guidelines for New Zealand (Moreau et al., 2014) offer some guidance
on selection of different methods of SPZ delineation. Numerical modelling is
described as “Most accurate delineation method” (Moreau et al. 2014, Table 2.3).
Guidance from Moreau et al. (2014) lists a number of limitations with analytical
Page 6

methods, in particular the Uniform Flow Equation method used for analytical SPZ for
HDC abstractions:
(a)

Does not cover well pumping interference

(b)

Does not take account of hydrologic boundaries (e,g., streams, lakes)

(c)

Is suitable when the following assumptions about the aquifer are valid:
Homogenous, Isotropic, horizontally infinite, of uniform thickness.

4.4

All of these limitations apply to the Heretaunga aquifer system, therefore reducing
the suitability of analytical methods in that system.

4.5

Capture Zone Guidelines for New Zealand also state that “Generally, the simplest
method produces the largest capture zone. It can be used to quickly delineate a
conservative capture zone that encompasses a considerable proportion of the
“actual” zone.” This means that more advanced methods, such as numerical models,
could be used to delineate a smaller zone with more certainty. Because of that, in my
opinion, a more advanced method should replace a simpler method. In my view, it
would not be reasonable to continue using a larger SPZ delineated with a simpler
method, if an SPZ delineated with an appropriate more advanced method is
available.

4.6

Dr Catherine Moore in her review of numerical SPZ report (included in the Appendix)
has stated that “The modelling approach adopted by HBRC for delineating the SPZ’s
for the four Hastings borefields is considered appropriate and represents an advance
on the initial work by Tonkin and Taylor in that it accommodates more of the
complexity of groundwater flow system, and in particular, the groundwater flow
directions and gradients”.

4.7

Dr Catherine Moore in her review of the numerical SPZ report (included in the
Appendix) also suggested improvements to the numerical modelling work that would
address potential upscaling errors that can occur when upscaling model parameters
in highly heterogeneous alluvial aquifers. This is related to issues such as pathogen
transport which can occur in heterogenous aquifers via “low yield, fast transport”
pathways. These improvements are currently the subject of a major collaborative
research programme involving HBRC and GNS Science. This work is expected to
reduce uncertainty related to SPZs delineation even further.

4.8

Table 54 of the Section 32 Evaluation Report identifies a numerical model as an
appropriate tool to delineate SPZ takes serving over 5000 people, when artesian
conditions are not met. I agree with this specification.
Page 7

Decision tree for complexity of capture zone delineation method
4.9

The image below is copied from the WhAEM software manual and presents a
decision tree for complexity of capture zone delineation methods. Increasing
complexity occurs from the left to right hand side of the diagram and appropriate
models are shown for varying states of complexity. The red box represents the
method used for analytical delineation of the Hastings SPZs, with a caveat that river
proximity was not used in the assessment, only a simple analytical well-in-uniformflow solution was used. To clarify, “Simple WHPA” is an option in WhAEM software
which includes well-in-uniform-flow solution, rather than a separate software.

4.10

The decision tree, provided by developers of WhAEM themselves, identifies that
more complex problems require more sophisticated modelling tools, with MODFLOW
model identified as appropriate for the most complex cases.

4.11

In the Heretaunga aquifer system, all variables listed in the decision tree are present
and important: nearby river and streams, complex geometry on the aquifer, well
interference, multilayer aquifer system, with other complexities including transient
flow conditions, variable (spatially and temporally) groundwater flow direction and
gradient, and heterogeneity of the aquifer. Therefore, in my opinion, MODFLOW
should be the preferred tool for SPZ delineation in the Heretaunga Aquifer.

4.12

The analytical method used to define SPZs for HDC abstractions is one of the
simplest methods that could be applied. The analytical method does not take into
account the known complexity of the system, including key elements such as spatial
gradient, flow direction changes and well interference.
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Comparison of WhAEM and MODFLOW
4.13

I have prepared a comparison table (Table 1, below) of WhAEM analytical method
(as applied by Tonkin & Taylor for analytical SPZ delineation) and MODFLOW (as
applied in the Heretaunga Aquifer Groundwater Model).

4.14

Table 1 shows that the analytical method has significant limitations, which have
importance for the delineation of shape and extent of SPZs.

4.15

Most importantly, the analytical method assumes a uniform flow field and gradient,
which results in a regular, elongated shape of SPZ. In reality, the flow field and
gradient is not uniform. Groundwater flows in different directions depending on
location and the gradient changes along the flow path. If flow direction and gradient
change within the one-year travel time to the pumping well, this will have a significant
effect on shape and size of SPZ.

4.16

A numerical groundwater model, such as MODFLOW, is much better at representing
flow direction and gradient and will therefore provide a more realistic shape of the
SPZ.

4.17

Other modelling aspects, such as temporal changes to groundwater flow direction
and gradient, heterogeneity of the aquifer, cumulative impact of pumping, surface
water features, geological boundaries, will also have an impact on the shape and
extent of SPZ, and all of these are better represented in a numerical model.

4.18

It is noted that WhAEM software has capability for addressing some of complexities
of the Heretaunga aquifer system (such as spatial variability of flow field, surface
water features and cumulative effect of pumping). However this capability was not
used in the Tonkin & Taylor assessment: only the well-in-uniform-flow solution was
used.

4.19

The numerical modelling also included a robust stochastic uncertainty analysis,
which included identification of 107 model parameter realisations, each of which
satisfied model calibration criteria. Each of these realisations produces a slightly
different SPZ, and all of these SPZs were combined to define a final SPZ extent. This
approach is much more robust than simple sensitivity analysis.

Page 9

Table 1

Comparison of capabilities of the WhAEM analytical SPZ delineation method
and MODFLOW numerical method.

Modelling Aspect
Groundwater flow
direction

WhAEM (as applied
by T&T)

Numerical MODFLOW
method (as applied by
HBRC)

Importance

range of values for
temporal variability
spatial variability not
included (except
between bore fields)

spatially and temporally
variable,
based on model calibration,
includes seasonal changes

Heterogeneity of
the aquifer

no

spatial variability

shape of zone

Cumulative impact
of pumping

no

yes

shape of zone

Surface water
features

SPZ truncated at
Ngaruroro

all water features included
(Ngaruroro, Tukituki, Karamu, shape of zone
spring fed streams)

Uncertainty
analysis

sensitivity - range of
parameters

uncertainty analysis, 107
model realisations

shape and extent
of zone

Geological
boundaries

zones truncated at
outcrop

respects geometry of the
aquifer

shape and extent
of zone

Groundwater
gradient

shape of zone

extent of a zone

5.

CLARIFICATIONS OF SOME STATEMENTS IN MR CHAPMAN’S EVIDENCE

5.1

In paragraph 43, Mr Chapman states that “HDC and HBRC have developed source
protection zones, based on modelled 1 and 10 year groundwater travel upstream of
the abstraction point.” This statement requires clarification, as SPZs developed by
HBRC (described in the Appendix), used 10-year travel time only as a solution to
account for “low yield, fast transport” pathways, and the results should be interpreted
as representing one-year travel time with the presence of those fast transport
pathways.

5.2

Further in paragraph 43, Mr Chapman states that: “The approach to defining SPZs
for each of the bore fields was to not only consider them independently of each other
but also to consider the combined effects on groundwater travel times and flow
direction from all significant takes within the groundwater system.”

5.3

WhAEM analytical software does have capability to account for the combined effect
of simultaneous pumping (which is what Mr Chapman appears to be referring to in
the cited statement). However, it appears from the Tonkin & Taylor report that the
analysis was done separately for each abstraction, without accounting for effects of
flow interference. This is evident from figures in appendix A of the Tonkin & Taylor
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report, which present individual capture zones for each bore field, without any sign
of interference. In contrast, numerical modelling (as documented in the Appendix to
this reply evidence) does take into account the effects of simultaneous pumping and
flow interference.
6.

CONCLUSION

6.1

In my professional opinion, the numerical method of SPZ delineation that has been
used for PPC9 is more appropriate to use for the Heretaunga aquifer system than
the analytical WhAEM method, due to multiple limitations of the analytical method.
The numerical method is able to produce a more realistic shape of SPZ, because it
can much better account for flow conditions in the Heretaunga aquifer system.

6.2

The numerical method of SPZ delineation should be considered an advancement of,
rather than addition to, the analytical method.

6.3

In principle, simpler analytical methods produce more conservative (and typically
larger) SPZs due to higher uncertainty. The reason for using a more advanced
method is to reduce uncertainty and enable delineation of a less conservative (and
typically smaller) SPZ.

6.4

The suggested combination of SPZs from both analytical and numerical methods
goes against this principle.

6.5

Merging of analytical and numerical methods produces an unnecessarily
conservative SPZ.

6.6

Currently, HBRC and GNS are collaborating in a major research programme related
to issues such as pathogen transport which can occur in heterogenous aquifers via
“low yield, fast transport” pathways. This work is expected to reduce uncertainty
related to SPZ delineation even further.

Pawel Rakowski
19 May 2021
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APPENDIX: Letter report on numerical modelling of Hastings source protection zones
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